clustered into 8 clusters with their expression patterns by K-means clustering. We 50 identified six stage-specific modules related to A0, A2 and A6 stages using weighted 51 co-expression network analysis. Many well-known/novel pathways associated with 52 preadipocytes differentiation were found. We also identified highly connected genes 53 in each module and visualized them by cytoscape. Many well-known genes related 54 to preadipocytes differentiation were found such as IGFBP2 and JUN. Yet, the 55 majority of high connected genes were unknown in chicken preadipocytes. This 56 study provides a valuable resource for chicken lncRNA study and contributes to 57 batter understanding the biology of preadipocytes differentiation in chicken. 58
Induction of abdominal preadipocytes 118
Following 90％cell confluence, the basic medium was removed and replaced with 119 differentiation medium (0.25 μM dexamethasone (Takara), 10 μg/ml insulin (Takara) 120 and 0.5 mM IBMX (Takara) for 48 hours. The differentiation medium was replaced 121 with maintenance medium (10 μg/ml insulin (Takara)) and incubated for 48 hours. 122
The detailed procedure for induction of abdominal preadipocytes was described in 123 
Gene ontology and Kyoto Encyclopedia of Genes and Genomes analysis 188
Functional annotation enrichment analysis for Gene Ontology (GO) and Kyoto 189
Encyclopedia of Genes and Genomes (KEGG) were conducted by DAVID Table S1 . 208
The Sequencing data of our study were submitted to the sequence Read Archive 209 (Accession Number SRR3985377) in NCBI. Supplemental materials include ten files. 210 Table S1 contains the names and sequences of all the candidate lncRNAs. Table S2  211 contains all the differentially expressed lncRNAs and mRNAs. The common 212 differentially expressed lncRNAs and mRNAs among three comparisons (A0 vs A2, 213 A2 vs A4, A4 vs A6) are included in Table S3. Table S4, Table S5 and Table S6 are  214 the GO and pathway analysis of target genes of lncRNAs, DEGs of different stages11 S9 are the annotation of genes in A0, A2 and A6 stage-specific modules, respectively. 217
The validation of RNA-seq using qRT-PCR is included in Table S10 . Figure S1 and 218 Figure S2 are GO analysis of DEGs of different stages and visualization of the 219 co-expression network of all DEGs. 220
Results 221

Sequencing results and quality control 222
A total of 1,394,219,096 raw reads were produced from 12 cDNA libraries. The mapped rate of 12 samples ranged from 79.40% to 84.30%. Among these mapped 230 reads, 66.17%-70.07% of reads were mapped to CDS regions, 5.34%-8.18% to intron 231 regions, 14.49%-16.08% to intergenic regions, and 8.83%-11.00% to UTR regions 232 (Table 2) . High Pearson correlation coefficients were found among biological 233 replicates of the same differentiation stage, which indicated the reproducibility of 234 sample preparation ( Figure 5A ). 235 
Identification of lncRNAs in abdominal preadipocytes 237
We used five tools, namely NONCODE, TransDecoder, Pfam, BlastX and CPC, to 238 remove potential coding and short (length<200nt) transcripts. Finally, 27,023lncRNAs 239 were obtained (Table S1 ). The length and exon number of lncRNAs were analyzed. We 240 found that lncRNAs were shorter in length and fewer in exon number than protein 241 coding genes in abdominal preadipocytes (Figure 2 performed GO and KEGG analysis with the cis target genes (Table S4) . A total of 1746, 300 1544 and 2174 genes were assigned to biological process, cellular component and 301 molecular function GO categories, respectively. In the biological process category, 27 302 terms such as cellular process, system development and anatomical structure 303 development were significantly enriched. In cellular component category, the top three 304 terms were intracellular, intracellular membrane-bounded organelle and 305 membrane-bounded organelle, while in molecular function category, protein binding 306 and binding protein serine/threonine kinase activity were the most abundant terms. The 307 KEGG enrichment showed that 971 out of 4915 genes were significantly enriched in 9 308 pathways including Wnt signaling pathway, MAPK signaling pathway and Vascular 309 smooth muscle contraction pathway. 310
To gain insight into the similarities and differences in differentiation of three 311 stages , the differential expressed mRNAs of three comparisons (A0 vs A2, A2 vs A4, 312 A4 vs A6) were conducted to GO and KEGG pathway analysis (Table S5 ). In the 313 biological process category, most of the genes were involved in processes associated 314 with cellular regulation and metabolism, such as cellular process, cellular 315 macromolecule metabolic process and cellular metabolic process. The top three GO 316 terms were cellular process, metabolic process and primary metabolic process at 317 A0-A2 and A4-A6 stages, while they were biological regulation, regulation of 318 biological process and regulation of cellular process at A2-A4 stage ( Figure S1 ). 319 KEGG analysis showed that, in the top fifteen pathways, five pathways were common 320 among three stages. They were Cell cycle, Cytokine-cytokine receptor interaction, 321 expressions, respectively. 106 mRNAs were identified to have common expression 335 patterns with 176 lncRNAs, which might be target genes of lncRNAs (Table S6) 
Identification and visualization of stage-specific module 377
To explore stage-specific modules during chicken abdominal preadipocytes 378 differentiation development, we calculated the gene significance (GS) and module 379 membership (MM) of all genes within a module. GS was defined as (the absolute value 380 of) the correlation between the gene and the differentiation stage. MM was defined as 381 the correlation of the module eigengene and the gene expression profile. We identified 382 six stage-specific modules (FDR P<0.05) (Figure 6 ), in which the black, blue, green 383 and yellow modules were positively correlated with A2 stage ( Figure 6A , B, D, F) 384 while the turquoise and brown modules were positively correlated with A0 and A6 385 stages (Fig 6C, E) , respectively. It meant that the genes in modules above were 386 predominantly up-expressed at day 2, day 0 and 6 of differentiation. Furthermore, the 387 blue module also was negatively correlated with A0 stage, meaning that the genes in 388 blue module were predominantly down-expressed at day 0 of differentiation. We also 21 found that the magenta, pink and purple modules, though not significant (FDR P>0.05), 390 might play important role in preadipocytes differentiation when it comes to their 391 expression pattern (Figure 5B, D) . Genes in magenta and pink modules expressed in 392 low level before day 4 of differentiation and then achieved a relatively high expression 393 level at day 6 of expression. Similarly, the genes in purple module expressed low at day 394 0, increased their expression level at day 2 and then decreased their expression level at 395 day 4 and 6 of differentiation. 396 
GO and pathway analysis of genes in stage-specific modules 427
GO analysis reveals the functions of genes in stage-specific modules and pathway 428 analysis reveals essential signaling and metabolic networks in preadipocytes 429 differentiation. The enriched GO terms of biological process and pathways were 430 showed in Table S7 , S8 and S9. For GO analysis, RNA metabolic process, regulation 431 of localization and cellular metabolic process were significantly enriched at A0 stage, 432 generation of precursor metabolites and energy, electron transport chain and energy 433 derivation by oxidation of organic compounds were highly enriched at A2 stage, while 434 blastocyst development and cellular process were greatly enriched at A6 stage (P<0.05). 435
In the pathway analysis, no significant pathway was identified at A0 and A6 stages. for all the genes were tested statistically by the T-test method. The results showed that 451 the expression patterns of these 8 genes were in excellent agreement with the RNA-seq 452 28 starting of the preadipocytes differentiation. Genes in K6 cluster were up-regulated at 517 day 2, 4 and 6 compared to 0 day of differentiation, suggesting their roles in the entire 518 differentiation process. K7 cluster consisted of 307 genes that were significant 519 up-regulated at day 6 of differentiation, demonstrating that those genes might play 520 important roles in the later stage of differentiation. Particular attention was paid to K2 521 cluster which included genes that underwent an overall trend of increase, suggesting 522 their key roles over the entire differentiation process. Members from this cluster such as 523 GPR39 and CHCHD4 had been reported to regulate the differentiation of 524 preadipocytes (Dong et al., 2016) . 525
To investigate the function of lncRNAs, we predicted the potential targets of 526 lncRNAs in cis by searching for protein-coding genes 10 kb upstream and downstream 527 of the lncRNAs, respectively. 4,915 potential target protein-coding genes that 528 corresponded to 10,306 lncRNAs were found and performed to GO and pathway 529 analysis. In the biological process category, 27 terms were significantly enriched, 530 including cellular process, system development and anatomical structure development. 531
Besides, we found that most of the 27 significant terms were related to regulation of 532 
